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Abstract: [Objective] Compressed air energy storage technology is mature and flexible to operate, making it a
highly promising energy storage solution. To effectively improve the performance of compressed air energy storage
systems, this study proposes an integrated system that couples them with concentrated solar power (CSP) plants.
[Methods] During the energy storage phase, low-temperature condensate from the solar thermal power plant’s
regenerative system is used to cool the high-temperature compressed air at the compressor outlet, thereby recovering
and reusing the compression heat. During the energy release phase, the compressed air is heated in stages using
high-temperature molten salt and high-temperature feedwater from the CSP plant. Through system integration, the
compression heat is effectively utilized, while simultaneously reducing the thermal storage equipment required in
the original compressed air energy storage system. A thermodynamic model of the coupled system was constructed,
and energy, exergy, and economic analyses were conducted on the proposed coupled system to evaluate its
performance. [Results] The proposed system achieved a round trip efficiency of 74.95% and an exergy efficiency
of 79.78%, with an energy storage density of 8.18 MJ/m?3. Furthermore, the system’s dynamic payback period was
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4.42 years, and its net present value was 49.358 9 million yuan. [Conclusion] The proposed integrated system of
solar thermal power station and compressed air energy storage exhibits significant efficiency improvement and good
economic performance, providing valuable reference for the development of renewable energy coupled energy

storage systems.

Key words: compressed air energy storage; solar thermal power plant; system integration; thermodynamic analysis;

economic analysis
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Fig.1 Schematic diagram of the CAES system
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Tab.1 Basic design parameters of the CAES system
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Fig.2 Layout diagram of the linear Fresnel solar power station
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Tab.2 Basic parameters of the linear Fresnel solar power station
WH HK (50% THA) M (100% THA)
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Tab.3 Basic parameters of the regenerative system
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Fig.3 Schematic diagram of the integrated system
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Fig.4 Simulation model of the coupled system
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Tab.4 Details of the system component model
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Tab.5 Validation results of the system model
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Tab.6 Investment formulas of the CAES system components
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Tab.7 Energy analysis results of the system
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Fig.5 Energy flow diagram of the integrated system
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Tab.8 Exergy analysis results of the integrated system

HiH FeHHLA ARG
K B BE IR IR A /MW 486.25 486.25
TR N MW 0.02
B [ P A FLBE SR A ATIMW 15.00
B[R] P A FL BB H AR IMW 135.90 154.74
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Tab.9 Exergy analysis results of the CAES system

T H SEI(MW h) TR I%

RPN 90.00 43.45
SN 0.11 0.05
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e 326 %5 [ FA R i 3053 14.74
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Fig.6 Exergy destruction diagram of the CAES system
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Tab.10 Essential information for the economic evaluation

miH 1A
Wi CAES 24 et = 1
A JE I a EEM B 25
HEIEATI ) 300
T E 2R 2T 12
& 47 44 9 PO % 6
I FEA (07:00—09:00, 17:00—23:00) 28/(GC (kW h)Y)  0.89
EAHEM (09:00—17:00) PBY(T (kW h)?) 0.19

11 R THI R S SR R A AT T
SESL, MRPEEE, W RIYEN 2883.75 Jiot, N
RAGE L AIET, B4 2 H o 173.02 T3 6.
AN, FEREMRRLR A A 519.75 F5JG, R MK
A 1946.42 Jigo, FFEERNEN 1 253.65 JiTt.
Z RGBT B SA BSE EA 4.42 48, TiH A4
A BUEIL 4 935.89 TG, /M4 R EH,
B RGeS SR R A AP A G B
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Tab.11 Economic assessment results of the additional CAES

system

T H ol
AR 2883.75
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SEBERRL A T 0 519.75
SRR RRNTS G 1946.42
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AT E A 4.42
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Fig.7 Effect of ambient temperature on performance of the
CAES system
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